The lipase gene from Staphylococcus hyicus subsp. hyicus was cloned in Staphylococcus carnosus and Escherichia coli. In both host organisms the lipase gene is expressed and the enzyme is released to the medium. The cloned DNA insert is 2.5 kb in length and DNA sequencing has revealed the location of the gene, the ribosomal binding site and the presence of a typical signal sequence. The open reading frame comprises 1923 nucleotides and gives a preprotein of 641 amino acids with a predicted M_. of 71.382. At the 3' end of the structural gene there are three consecutive stop codons and there is also a transcriptional termination signal.
INTRODUCTION
It has been known for a long time that certain staphylococci produce extracellular Upases (1) . Various lipases from different S_. aureus strains have been isolated and biochemically analyzed (2, 3, 4, 5, 6) . Most of the staphylococcal lipases are distinguished by a wide substrate specificity. They hydrolyze both water soluble and water insoluble triglycerides as well as polyoxyethylene-sorbitan fatty acids (Tweens). Because of the wide substrate specificity there has been some conflict with regard to the classification of these enzymes as esterases or lipases.
The S_. aureus enzymes are probably true lipases (E.C. 3 .1 .1 . 3) since they are active on oils and fats in their emulsified state and are resistant to esterase inhibitors (7) .
The reports of staphylococcal lipase production and biochemical characteristics of staphylococcal lipases are very diverse. In order to obtain more information about this enzyme and its regulation we have cloned the lipase gene from S_. hyicus subsp.
hyicus and have determined its nucleotide sequence.
MATERIALS AND METHODS
Bacterial strains, medium and plasmids: Staphylococcus carnosus TM300 (8) was used as a cloning host organism. The lipase gene was isolated from S_. hyicus subsp. hyicus DSM 20459. Lip gene expression was also studied in E. coli HB101 (9) . Strains were cultivated in PYS (10 g peptone, 5 g yeast extract and 5 g NaCl per liter of distilled water, pH 7.2) and PYS agar contained 1.2 % Difco agar. As cloning vectors, the recently described plasmid pCT20 (10) and a derivative of plasmid pC194, pCP100, containing a PstI linker (unpublished), were used.
DNA technology: Plasmid and chromosomal DNA were isolated as described previously (11) . Plasmids were transformed by protoplast transformation into S_. carnosus or other staphylococcal species (8) . Transfonnants were initially selected on DM3 agar containing 10 ug/ml chloramphenicol. It is worthwhile to mention that staphylococcal protoplasts can be kept frozen at -70°C for at least 6 months without losing competence. This finding extremely facilitates the protoplast transformation procedure.
DNA sequencing: Restricted DNA fragments were either 5' labelled with f-P ATP and T4 polynucleotide kinase or 3' labelled with *-P ATP and terminal transferase. The DNA was sequenced by the procedure of Maxam and Gilbert (12) : except that the A+G modification procedure was performed according to Gray et al. (13) . Samples were analyzed on 6 and 20 % denaturating polyacrylamide gels.
Enzymes; Restriction endonucleases, T4 DNA ligase, Klenow fragment of DNA polymerase I, BAL31 exonuclease and polynucleotide kinase were purchased from Bethesda Research Laboratories, Boehringer Mannheim or New England Biolabs. Each enzyme was used according to manufacturer's specification.
Detection of lipolytic activity: Lipolytic activity of staphylococcal colonies was determined by agar media containing Tween or tributyrin. Lipolysis is recognized either as a zone of deposits, due to the precipitation of liberated water insoluble fatty acids, or as a zone of clearing due to the degradation of the turbid lipid emulsion. Lipolytic activity of culture supernatants was determined by an agarose plate assay (2). SDS-PAGE: Discontinuous PAGE in presence of SDS was performed according to Laeramli (14) using 1 mm thick slab gels (pH 8.8) which contained 10 % w/v acrylamide. A stacking gel (pH 6.5) of 3 % acrylamide was used. Enzyme samples were mixed with an equal volume of sample buffer (2.25 % glycerol, 0.25 % B-mercaptoethanol, 2.3 % SDS, 0.001 % bromphenol blue, and 62 mM Tris/HCl pH 6.8) and heated for 2 min at 100°C prior to electrophoresis. Proteins were stained with Coomassie brilliant blue G250. The following proteins were used as protein standards: trypsin inhibitor from soybean (Mj-20.100), lactate dehydrogenase from pig muscle (Mj-36.500), glutamate dehydrogenase from bovine liver (Mj-55.400), phosphorylase b from rabbit muscle (M r 97.400), and O^-macroglobuline from bovine plasma (Mj-170.000 and 340.000). All standard proteins were obtained from Boehringer (Mannheim).
Lipase was still active after separation by SDS-PAGE if SDS was removed from the gel. The removal of SDS is described earlier (15) . In order to detect lipase activity the washed polyacrylamide gel was laid on similarly sized 2 % agarose gel prepared in PBS-buffer and containing 1 % Tween 20. The attached gels were incubated for 2 to 4 hs at 37 C C. Visible deposits in the agarose indicate lipase activity.
RESULTS AND DISCUSSION
a) Cloning of the S_. hyicus-lip gene in S^. carnosus.
£3. hyicus subsp. hyicus produces an extracellular lipase. In order to isolate the corresponding gene, partially cleaved Avail DNA fragments were cloned in £3. carnosus TM300 by the aid of plasmid vector pCT20 (11) . One clone of this gene library produced extracellular lipase. The lip gene containing recombinant plasmid, pTW22, was isolated from this clone and characterized ( Fig. 1) . By insertional inactivation studies it turned out that the lip gene was located within the 2.5 kb PstI fragment of pTW22 ( Fig. 1, dashed lines) .
The PstI fragment was subcloned by the aid of pCLP100 generating the recombinant plasmid pLipPI (Fig. 2 ). Both orientations of the 2.5 kb insert express the lip gene equally well. The size of the cloned PstI fragment could be further reduced by deleting Nine bp upstream from the ATG of the lip gene there is a 5' -GAAGGG-3' sequence marking a strong Shine-Dalgarno (SD) sequence (16) as it is typical for staphylococci (17) . Following the ATG there is an open reading frame of 1923 nucleotides which is terminated by three consecutive stop codons (TAATGATGA). Immediately adjacent to the 3' site is an inverted repeat sequence which may function as a transcriptional termination signal (Fig. 6 ). 
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Fig.
6 Possible secondary structure of the transcriptional terminator type structure due to the inverted repeat sequence at the 3' end of the lip gene. A point between base pairs indicates miss match. The stop codons are underlined.
Upstream from the SD sequence there are two overlapping inverted repeat sequences (Fig. 5 ) which might play a regulatory role at the level of transcription. The second SphI site is very likely located within the promoter region since DNA deletions from Bglll to the second SphI site affect lip gene expression. At present it is not possible to define the promoter region since there are several possible -10 and -35 regions. Table 1 shows the utilization of the triplet codons of the £3. hyicus lip gene. Five codons are not used. Some of the other codons are used in an asymmetric or strongly asymmetric manner (e.g. those for Leu, Val, Ser, Glu, and Arg).
Other staphylococcal genes like the spa gene coding for Protein A or the cat gene coding for chloramphenicol transacetylase exhibit a similar codon utilization (Table 1 ). In general one can say that G and C rich triplets are underrepresented in staphylococcal genes. This is not surprising as staphylococcal DNA is distinguished by a low G+C content (30-36 moles %; 18). d) The lipase protein
In SDS-PAGE the active Upases isolated from the culture supernatant of §_. carnosus pLipPI and S_. hyicus subsp. hyicus ex- hibited a M r of 86.000 and 50.000 respectively (Fig. 7) . It is very likely that with S^. hyicua subsp. hyicus the secreted lipase is proteolytically cleaved into a still active 50 kDal from. terminator of the cat gene is retained in both orientations. We therefore assume that hydrophilic or lipophilic compounds are associated with the enzyme thus leading to a reduced mobility in SDS-PAGE. In this connection it is interesting that the purified exolipase of S_. aureus L1 contains a certain amount of sugar and lipids (3).
e) The N terminal amino acid sequence
The putative lipase signal sequence has similar properties to the other signal sequences so far investigated in Bacillus or Staphylococcus (19, 20, 21) .
Two segments have been distinguished in signal sequences of proteins from various organisms. There is a short N terminal hydrophilic segment (2-11 amino acids) often ending in arginine or lysine followed by a longer (14-20 amino acids) hydrophobic sequence (22, 23, 24) . The cleavage site between the signal sequence and the N terminal amino acid of the mature protein most frequently follows the sequence Ala-X-Ala although there is considerable variation in the cleavage site sequence (23) . According to these general features of signal sequences the lipase preprotein exhibits a perfect signal sequence. Within the first segment (amino acids 1-16) hydrophilic amino acids are dominating. The hydrophilic sequence is followed by a sequence of hydrophobic amino acids (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . The amino acids Arg and Lys (positions 13 and 14) precede the hyddrophobic core. At its end (position 36-38) is the sequence Ala-Glu-Ala, the expected cleavage site for a signal peptidase (23) .
